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Abstract 
Background: End-stage renal disease in children is associated with impaired neurocognitive 
function  and  development.  However,  data  on  factors  associated  with  neurocognitive 
dysfunctions in children with kidney transplants are lacking.
Methods: We conducted  a  cross-sectional  analysis  comparing  cognitive  functions  (using 
Woodcock-Johnson  International  Edition,  WJIE)  in  35  kidney  transplant  and  35  healthy 
control children. Data on laboratory measurements, comorbidities, social characteristics were 
collected. 
Results: Transplant children had significantly worse scores on intelligence quotient (IQ) test 
compared to controls (Full  Scale IQ score was 85 (26) versus 107 (10), p<0.001). Lower 
maternal education level was significantly associated with lower WJIE cognitive test scores;  
however,  no association was found between laboratory values and WJIE. Among children 
with kidney transplants, those with co-morbid conditions had significantly lower Verbal Ability 
and Full Scale IQ scores. Earlier age of dialysis onset and a longer total time on dialysis (>9 
months)  was  associated  with  lower  test  scores,  while  lifelong  hospitalization  time  was 
inversely correlated with IQ (r=-0.46, p<0.01) as well as an independent significant predictor 
(Beta=-0.38, p=0.02) of IQ scores in these children. 
Conclusions: Child  kidney  transplant  recipients  have  relevant  neurocognitive  function 
impairments that are associated with markers of socioeconomic status and factors related to 
disease severity. 
Keywords kidney transplant, intellectual functioning, hospitalization
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Introduction
Children  with  end  stage  renal  disease  (ESRD)  are  at  increased  risk  for  atypical 
neurocognitive  development  (1)  (2)  (3)  accompanied  by  documented  impairments  of  the 
central nervous system (4). Recent studies suggested that pediatric patients with CKD have 
lower  intellectual  functioning,  deficits  in  executive  functions  and  problematic  academic 
progress compared to normal controls or their sibling-controls. (5) (6) However, studies from 
the  2000s  indicate  that  neuropsychological  outcomes  for  children  with  CKD  are  more 
favorable (mean intelligent quotient (IQ) are within 1-2 standard deviation (SD) of the norms)  
than was detected in earlier reports. (7) (8) (6) 
In  children  with  CKD,  poor  neurocognitive  functions  were  associated  with  anemia, 
hypertension,  cardiovascular  disease,  malnutrition,  seizures,  earlier  age  of  onset,  longer 
disease duration and staging of kidney disease. (5) (6) In addition, it has also been shown 
that age at diagnosis, longer dialysis vintage as well as lower mother/caregiver's educational 
level may play a role in neurocognitive performance of kidney transplant recipient children. (1) 
However there are other risk factors which may contribute to poor cognitive function in CKD 
children (e.g. perinatal problems, underlying disease, long anesthesia).  ESRD in childhood 
may also impact adult neurocognitive function. Groothoff et al. reported that adults with ESRD 
who also had more than four years of cumulative dialysis in childhood had a 3.4 times higher 
chance of having IQ scores one SD below the mean of the corresponding general population. 
(9) 
The few studies which have examined the impact of kidney transplantation on cognitive 
functions in children have reported conflicting results regarding IQ differences between child 
transplant  recipients  and  dialysis  patients. (1)  (10)  (11)  An  early  study  by  Fennell  et  al. 
showed  that  children  with  ESRD  who  received  kidnely  transplants  showed  significant 
improvement in full scale and performance IQ test scores one month after transplant, when 
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compared with healthy matched control children (12). Icard et al. also reported approximately 
a  12-point  increase  in  intellectual  functioning  before  and  after  transplantation;  however, 
according  to  their  results  transplantation  does not  appear  to  normalize  developmental  or 
intellectual status in children with ESRD. (10)
We designed a cross-sectional study to compare the intellectual function of Hungarian 
transplant  children  with  age  and  gender-matched  healthy  controls  using  standard  and 
validated questionnaires. We also assessed the predictors of IQ in child transplant patients. 
Based  on  our  previous  findings,  we  hypothesized  that  cognitive  functions  are  lower  in 
transplant children than their healthy counterparts and that earlier dialysis onset and longer 
dialysis vintage are associated with poor achievement in intellectual skills. 
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Methods
Sample of patients and data collection
We collected  data  about  all  kidney transplant  children between 6-18 years  of  age 
(n=40)  who were  regularly  followed at  the  kidney  transplant  outpatient  clinic  at  the  First  
Department  of  Pediatrics  and  the  Department  of  Transplantation  and  Surgery  at  the 
Semmelweis  University,  in  Budapest  between  September  2007  and  December  2008. 
Exclusion criteria were: current acute rejection (within the last 4 weeks), hospitalization, and 
transplantation in the previous 3 months. The baseline assessment was conducted between 
September of 2007 and December of 2008 (Psychosocial Problems and Cognition in Kidney 
Transplant  Children  (PPCKTC)  Study).  In  addition,  the  children’s  parents  were  invited  to 
participate  personally  in  our  case  control  study.  Three  (7%)  of  the  eligible  40  children’s 
parents refused to participate in the study and additional two (5%) children were excluded 
(one child was transplanted within the previous 3 months and one had had acute rejection 
within 4 weeks prior the study period). The control  group was selected (1:1) by matching 
children from one elementary school and one high school in Budapest, Hungary based on 
gender  and  age  (maximum  1  month  difference).  Children  with  any  chronic  illness  were 
ineligible  to  be  selected  for  the  control  group.  The  final  cohort  consisted  of  35  kidney 
transplant children and their parents and 35 healthy children and their parents.
Demographic  data  and details  of  medical  history  were  collected  at  enrollment  and 
information  on  child  kidney  transplant  recipient’s  use  of  immunosuppressive  drugs  was 
obtained.  Estimated  glomerular  filtration  rate  (eGFR)  was  calculated  using  the  Schwartz 
formula: eGFR (mL/min/1.73 m2) = k (Height) / Serum creatinine where k =0.45 in term infants 
to 1 year of age and 0.55 in children to 13 years of age. (13) We collected data on age at the 
time of first dialysis and cumulative time spent in the hospital over the course of their life. 
Laboratory data and comorbidity
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Laboratory  data  were  extracted  from the  medical  records  and  from the  electronic 
laboratory  database  of  the  hospital.  The  following  laboratory  parameters  were  tabulated: 
blood hemoglobin, serum creatinine and serum albumin. We also collected information on the 
transplanted  children’s  co-morbid  conditions  such  as  diabetes,  hypertonia,  osteoporosis, 
seizures and other diseases from the patients’ charts. 
Immunosuppressive therapy
Standard  maintenance  immunosuppressive  therapy  generally  consisted  of 
prednisolone/methylprednisolone,  either  cyclosporine A microemulsion formulation (Neoral) 
(CsA) or tacrolimus, combined with mycophenolate-mofetil (MMF) or azathioprine or sirolimus 
or everolimus.
Social characteristics
Data on psychosocial  parameters were obtained for the enrolled children.  Maternal 
education  level  was  used  as  a  marker  of  the  socio-economic  status  (SES).  “Learning 
problem” was a subjective indicator, where parents were asked to report if their child had a 
learning problem, which was independent of performance for other makers of achievement.
Woodcock-Johnson Cognitive Ability Test – International Edition (WJIE) 
The  adapted  and  validated  Hungarian  version  of  the  Woodcock-Johnson  Tests  of 
Cognitive  Abilities-Revised  (WJIE)  was  used  in  this  study.  (14) The  WJIE  provides  a 
comprehensive system for measuring general intellectual ability, specific cognitive abilities, 
language  skills,  and  academic  achievement.  (14) It  measures  the  cognitive  abilities  in 
populations between 2 to 90 years of age. 
The WJIE battery consists of seven tests, each selected to serve as an indicator of at 
least one of the broad Cattell-Horn-Carroll (CHC) cognitive abilities. The General Intellectual 
Ability scale or Full Scale Intellectual Abilities consists of three parts: Verbal Ability, Thinking 
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Ability and Cognitive Efficiency. (14) The WJIE is standardized so the mean is 100 points and 
the standard deviation is 15; accordingly it can be compared with scores obtained on other IQ  
tests. 
Learning and intellectual disabilities 
Learning disability (LD) was defined by applying the ability–achievement discrepancy 
approach as follows: academic standard score to be at least 1 SD (15 points, i.e. 70-85 IQ 
points) lower than a standard score according to the accepted routine clinical practice. (15)
For  intellectual  disability  (ID),  we  used  the  definition  and  criteria  provided  in  the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV): profound mental retardation 
(MR): IQ lower than 35; severe MR: IQ between 36-49 points; mild MR: IQ 50-69 points. (16)
Statistical Analysis
Statistical analyses were carried out using the IBM SPSS 20.0 software. The data were 
summarized  using  proportions,  means  (±standard  deviation,  SD)  or  median  (interquartile 
range,  (IQR))  as  appropriate.  Continuous  variables  were  compared  using  Independent-
Samples T-test,  the Mann-Whitney U Test  or  One-Way ANOVA. Correlation analysis  was 
performed  using  Pearson  or  Spearman  correlation  analysis  as  appropriate.  To  explore 
potential differences between short/long duration of dialysis for intellectual achievements, we 
divided the transplant group into two subgroups according to the transplant group’s median 
dialysis  duration.  Linear  regression  analysis  was  used  to  determine  the  independent 
association between the presence of cognitive deficits (dependent variable) and the following 
correlated variables: age of dialysis onset, cumulative hospitalization and maternal education 
in transplant recipient children. Our multivariate model for cognitive deficit was constructed 
based on theoretical considerations. In all analysis, two-sided tests were used and p values 
<0.05 were considered significant.
Ethical permission
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The  studies  were  approved  by  the  Ethics  Committee  of  Semmelweis  University 
(TUKEB  number:  165/2007).  Before  enrollment,  all  patients  and  their  parents  received 
detailed written and verbal  information regarding the aims and protocol  of  the study and 
parents were required to provide a signed informed consent.
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Results
Demographics and baseline characteristics of the sample
Table 1 shows the main characteristics of the 35 participant child kidney transplant 
recipients (Tx) and 35 matched controls (Co). The cause of ESRD was Autosomal Recessive 
Polycystic  Kidney  Disease  (ARPKD)  in  8  patients  (23%);  seven  patients  (20%)  had 
kidney/urinary tract abnormalities; 4 patients (11%) had chronic glomerulonephritis; 3 patients 
(9%)  had  congenital/hereditary  kidney  disease;  two  patients  (6%)  had  chronic 
pyelonephritis/interstitial  nephritis  and  11  (31%)  patients’  cause  of  ESRD  was  unknown. 
Based on patients’ chart 60% of transplant children had no known comorbidity. From the 14 
patients  with  comorbidities,  the prevalence of  comorbidity  was:  hypertensive  nephropathy 
(n=6, 43%); diabetic nephropathy (n=2, 14%); osteoporosis (n=1, 7%); and seizures (n=1, 
7%). Fourteen percent of the patients had previous kidney transplantations and six percent 
(n=2) received a kidney from a live donor. The median and interquartile range (IQR) of ESRD 
vintage  was  40  (57)  months.  The  median  age  was  9  years  in  the  beginning  of  dialysis 
treatment and 10 years when they had their first transplantation. The median of duration of 
dialysis therapy was 9 months (IQR: 14)  and the time of  the last  transplantation was 28 
months (IQR: 40). At the time of enrolment 40% of the patients were taking prednisolone or 
methylprednisolone and no one of them were taking cyclosporine A therapy. The percentage 
of patients taking MMF was 69%. 77% of the patients were taking tacrolimus, 3% were on 
azathioprine.  Expectedly, cumulative lifetime spent in the hospital was significantly different 
between the groups, but the prevalence of learning problems was similar (Table 1). 
Prevalence of cognitive deficits in transplant group
Transplant recipient children reported significantly worse scores on all  sub-scales of  
the WJIE compared to controls (Table 2). Normal intellectual achievements (measured in IQ 
points) were shown in 60% of transplant children, while 17% were classified as having a 
10
learning disability, and 23% were considered intellectual disabled (mental retardation groups) 
(Table 3). 
Correlates of intellectual achievements in transplant group
Socio-demographic parameters
We analyzed the correlation between children’s cognitive function and age, gender and 
maternal  education.  Chronological  age  had  no  correlation  with  intellectual  achievements 
except  Thinking  Ability  (r=0.36,  p<0.05),  and there  was no difference between transplant 
males and females in any dimension of cognitive performances (not shown). No association 
was found between children’s cognitive function and cause of ESRD.
All  parts  of  WJIE cognitive test  showed a linear direct  relationship between higher 
maternal education level and higher test scores (Table 4). Notably, in the assessment of Full 
Scale Intellectual Ability, children with mother’s who only had an elementary school or less 
education  had  an  average  performance  IQ  score  of  48  (±27),  while  their  peers  whose 
mothers’ had a higher education had an average IQ score of 105 (±16). 
 Laboratory data and co-morbidity
None of the laboratory data (blood hemoglobin, serum creatinine, serum albumin) had 
significant correlations with intellectual performance scores. However,  we found significant 
differences in performance scores between transplant children with and without co-morbid 
conditions.  The  transplant  children  with  co-morbid  conditions  reported  significantly  lower 
points in Verbal Ability (85±30 vs. 105±17, p=0.01), Cognitive Efficiency (70±23 vs 89±24,  
p=0.02) and Full Scale IQ scores (74±28 vs. 92±23, p=0.03), but no differences were noted in 
Thinking Ability (79±32 vs. 93±23, p=0.13). 
Estimated GFR, dialysis and hospitalization
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Table 5 shows the correlations of intellectual achievements with medical parameters in 
transplanted children. Estimated GFR did not correlate with any intellectual function tests; 
however,  age  of  dialysis  onset  was  positively  correlated  with  all  composite  scores  of 
intellectual achievements (Table 5). Children with longer cumulative lifetime hospitalization 
duration  had significantly  lower  IQs  than  those  who spent  less  time in  hospital  (r=-0.46, 
p<0.01). This correlation remained the same after taking into account the patients’ age (older 
patients have higher chance to be hospitalized) in the age standardized analyses (Table 5). In 
our cohort, median time on dialysis for transplant children was 9 months. When we compared 
transplanted patients according to total time on dialysis (less or more than 9 months), children 
with  a  shorter  dialysis  duration  showed higher  test  scores  in  all  intellectual  performance 
evaluations: Verbal Ability (109 (26) vs. 90 (49), p=0.07), Thinking Ability (99 (22) vs. 86 (46), 
p=0.02), Cognitive Efficiency (93 (22) vs. 79 (45), p=0.01) and Full Scale Intellectual Abilities 
(99 (17) vs. 81 (53), p=0.01). 
Multivariate analysis
In  our  multivariable  linear  regression  model  (Adjusted  R  Square:  0.50),  examining 
predictors of Full Scale IQ (WJIE) scores in kidney transplant recipients, cumulative lifetime 
hospitalization  duration  (B=-63.47,  Beta=-0.38,  T=-239,  p=0.02)  was  the  only  significant 
predictor. Maternal education (B=8.92, Beta=0.35, T=2.25, p=0.34) and age of dialysis onset 
(B=0.13, Beta=0.11, T=1.23, p=0.23) did not show any predictive roles. 
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Discussion 
In  this  cross-sectional  study  we  found  two  important  new  findings:  1,  examined 
transplant children had 1 SD lower IQ scores compared to age and gender matched healthy 
controls; 2, cumulative lifetime hospitalization duration may have a predictive role in general  
intellectual function in children. In addition, our study confirmed that age of dialysis onset,  
cumulative time on dialysis as well as maternal education seems to be important factors of 
neurocognitive outcomes in children. 
Compared to control children, nearly double the number of renal transplant recipient 
children had a diagnosis of a learning disorder.  A few prior studies have shown that children  
with  CKD  or  ESRD  have  a  higher  risk  for  grade  retention  and  an  increased  risk  for  
impairments on measures of academic skills and criteria for low school achievement (2) (1). 
However, another previous study showed that children with ESRD compared to their sibling 
matched controls showed no differences in learning problem prevalence (except in relation to 
motor skills), in spite of ESRD children having significantly lower IQ scores (8). Compared to  
normal controls, clinically significant differences were detected in school functioning in CKD 
patients in the recently published landmarked  Chronic Kidney Disease in Children (CKiD) 
Study (17). In this study, school quality of life was diminished with age based on parents’  
assessments  (18).  Learning  problems  based  on  different  neurodevelopmental  disorders, 
therefore, probably have roots in preceding periods of development. 
Similar to results of studies about general intellectual functions of CKD patients in the 
last  decades,  in  our  study,  transplant  recipient  children in  comparison to  normal  controls 
reported significantly lower intellectual achievements in all  scales of IQ test at the time of  
school-age.  (2) (11) The  kidney  transplanted  children  performed  best  in  assessments  of 
verbal abilities, while their most problematic area of measured general intellectual function 
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was cognitive efficiency; evaluated by sampling of two different factors of automatic cognitive 
processing: processing speed and short-term memory. Most of the kidney transplant patients 
belonged to the normal IQ range, but 40% of transplant children showed achievement of 
impaired  intellectual  functioning.  These  findings  coincide  with  international  reports  of  IQ 
measures in children with CKD (11) (17) 
In  our transplant  patient  group, maternal  education was found to  be a very strong 
predictor of general intellectual skills. The association of maternal education with children’s IQ 
in the general population is well known. (19) However, maternal education may play an even 
more important role for intellectual development in children with chronic illnesses such as 
ESRD.  Previous  studies  have  shown  that  maternal  education  is  strongly  correlated  with 
factors related to ESRD history and management such as age of dialysis onset and period of 
dialysis time (1) (20). In our study, cumulative dialysis duration and maternal education were 
the significant medical and social factors associated with IQ scores. Dialysis factors did not 
show a predictive role in the Brouhard et al. study (1). Based on these findings, we assume 
that  parents’ education  level  and the role  of  advocacy of  ESRD children’s  parents  could 
probably  influence  long-term  outcomes  of  neurocognitive  functions  in  the  mentioned 
population. However, this question needs to be addressed in further studies.
We  found  a  lack  of  association  between  laboratory  data  such  as  eGFR,  blood 
hemoglobin, serum creatinine and albumin with intellectual skills. These results are in contrast  
with  the  findings of  Duquette  et  al.,  who found associations  between renal  function  and 
intellectual  function  in  CKD  children  (2).   Conversely,  other  study  results  of  long-term 
neurocognitive outcomes in ESRD children found questionable associations between kidney 
function at testing and intellectual skills (3). There are a couple of potential explanations for 
the discrepant results seen in our study and the study of Duquette et al.  First,  our cohort 
consisted of kidney transplant recipients, while Duquette et al. examined CKD patients. Since 
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all  studies  (including  ours)  used  cross  sectional  baseline  laboratory  data  and  no  time-
dependent analysis was done, there has been no way to evaluate the association between 
progressive  kidney  function  declined  with  change  in  intellectual  functioning.  Furthermore, 
since we are uncertain how kidney function abnormalities were treated in Duquette’s study 
cohort, it is unknown what effect these factors may have had on examined associations.
In our cohort of Hungarian transplant children, more time spent on dialysis and earlier  
onset  of  ESRD (or  age  of  dialysis  start)  was  associated  with  lower  IQ scores,  which  is 
consistent with findings in previous studies (3) (1) (11). One of the new findings of our study 
was the association between cumulative time spent in the hospital and IQ scores. Longer 
hospitalization record was strongly associated with lower IQ. In our multivariate model of 35 
transplant children, standardized full time hospitalization was the independent and significant 
predictor  of  general  intellectual  functions.  According  to  results  of  Gulleroglu  et  al.  on 
neurocognitive functions in CKD children, showed that CKD children missed school much 
more  frequently  than their  siblings  and the  time missed from school  interfered with  their  
academic achievements (20). Moreover it is known from the earlier psychological literature of 
the general population that hospitalizations have powerful influences on delayed development 
of  children  (21).   This  finding  of  the  effect  of  hospitalization  duration  on  neurocognitive 
function in transplant children may be important and relevant to clinical practice, as it may be 
a  modifiable  factor.  However,  it  is  unknown  whether  intervention  aimed  at  shorter 
hospitalization has any impact for further neurocognitive development. Future well-designed 
studies are needed to answer this clinically relevant question. 
There are a number of limitations of our study, which needs to be discussed. First, our 
sample size is limited. However the 35 transplant recipients represent the majority of  the 
Hungarian transplant children population. Second, intellectual function was assessed based 
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on only IQ, however other methods such as relevant executive functions (memory, attention,  
visual-spatial abilities) and language could have been used (11). Finally, we could not analyze 
the  association  between  intellectual  function  and  perinatal  events  (22) effect  of 
immunosuppressive therapy (23) as well as perioperative event such as type of anesthesia 
during transplantation (24).
Conclusions:
Here we have shown the results  of  a  cross sectional  study of kidney transplanted 
children  and  their  healthy  age  and  gender  matched  counterparts.  We found  that  age  of 
dialysis  onset,  cumulative  time  on  dialysis,  maternal  education  and  a  new  potentially 
modifiable  factor,  cumulative  time  of  hospitalization  were  predictors  of  neurocognitive 
outcomes  in  children.  Further  well-designed,  larger,  multicenter  studies  are  needed  to 
examine if  shortened hospitalization  duration  may improve intellectual  and executive  skill  
development in kidney transplant recipient children. 
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Table 1: Main characteristics of the transplant (Tx) versus the control (Co) groups (n=70)
Tx (n=35) Co (n=35) p value
Age (months) (mean±SD) 161 (±29) 161 (±30) 0.95
Male (%) 60 60 1.00
Maternal education (%)
Primary education or less
Skilled workers
High school or equivalent
University diploma
15
44
18
23
0
51
29
20
0.36
Age at dialysis onset (months) 
(mean±SD)
108 (±38)* N/A N/A
Duration of dialysis (months)
(median; IQR)
9 (16) N/A N/A
Blood hemoglobin (g/l) 
(mean±SD) 
128 (±14) N/A N/A
Serum albumin (g/l) (mean±SD) 47 (±3) N/A N/A
Estimated GFR (Schwartz) 
(ml/min/1.73 m2) (median; IQR)
94 (44) N/A N/A
Learning problems (%) 33 17 0.12
Cumulative Lifetime 
Hospitalization Duration 
(months)
(median; IQR)
6 (16) 0.3 (0.8) <0.001
*Four (11%) children had never been on dialysis in transplant group
Abbreviations: Tx = Transplant group, Co = Control group, SD = Standard Deviation, IQR = Interquartile Range, GFR = Glomerular Filtration Rate, N/A 
= Not Applicable
Table 2: Performances of Woodcock-Johnson Cognitive Ability Test (WJIE) (n=70)
22
Transplant
(n=35)
Control
(n=35)
Mean (SD) Mean (SD) Level of 
significance 
(p-value)
WJIE – Verbal Ability 97 (25) 110 (13) <0.01
WJIE – Thinking Ability 88 (28) 107 (10) <0.001
WJIE – Cognitive Efficiency 82 (25) 103 (13) <0.001
WJIE – Full Scale Intellectual 
Abilities
85 (26) 107 (10) <0.001
Abbreviations: WJIE = Woodcock-Johnson Cognitive Ability Test – International Edition, SD = Standard Deviation
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Table 3: Distribution of intellectual achievements in transplant children (n=35)
IQ scores Frequency 
(Percent)
Normal range 
IQ>85
21 (60%)
Learning disability 
IQ 70-85
6 (17%)
Mild mental retardation
IQ 69-50
4 (11.5%)
Severe mental retardation
IQ 49-35
0 (0%)
Profound mental retardation
IQ 34 or lower
4 (11.5%)
Total 35 (100%)
Abbreviations: IQ = Intelligence Quotient
24
Table 4: Maternal education levels and intellectual functioning
Elementary 
school or 
less
(n=5)
General 
Certificate of 
Secondary 
Education 
(GCSE) (n=15)
More 
than 
secondar
y school 
(n=6)
Higher 
educated/
graduated 
(n=8)
p-value
WJIE – Verbal Ability
 
57 (±21) 99 (±19) 105 (±21) 109 (±14) <0.001
WJIE – Thinking Ability
 
48 (±33) 91 (±22) 90 (±20) 104 (±17) <0.001
WJIE – Cognitive 
Efficiency 
56 (±26) 79 (±19) 77 (±21) 104 (±20) <0.001
WJIE – Full Scale 
Intellectual Abilities 
48 (±27) 85 (±20) 85 (±22) 105 (±16) <0.001
Values are mean ± standard deviation (analysis of variance)
Abbreviations: WJIE = Woodcock-Johnson Cognitive Ability Test – International Edition, SD = Standard Deviation, GCSE = General Certificate of Secondary 
Education 
Table 5: Correlations of intellectual achievements and medical parameters in transplant 
group (n=35) 
WJIE
Verbal 
Ability
WJIE
Thinking 
Ability
WJIE
Cogniti
ve 
Efficien
cy
WJIE
Full Scale 
Intellectual 
Abilities
GFR
(Schwartz)
Age of
dialysis 
onset
Full
hospital
stay
Estimated 
GFR 
(Schwartz)
0.076 0.093 0.088 0.095 -
Age of 
dialysis 
onset 
(months)
0.462# 0.629# 0.366* 0.526# 0.423* -
Full  hospital 
stay in life 
(months)
-0.213 -0.333 -0.561# -0.468# -0.208 -0.322 -
*: p<0.05
#: p<0.01
Abbreviations: WJIE = Woodcock-Johnson Cognitive Ability Test – International Edition, GFR = Glomerular Filtration Rate
